Vortex phase transition and superconducting properties of organic quasi-two-dimensional k-(BEDT-TTF) 2 Cu[N(CN) 2 ]Br by El Ouaddi, H. et al.
HAL Id: hal-01845379
https://hal.archives-ouvertes.fr/hal-01845379
Submitted on 20 Jul 2018
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Vortex phase transition and superconducting properties
of organic quasi-two-dimensional k-(BEDT-TTF) 2
Cu[N(CN) 2 ]Br
H. El Ouaddi, A. Tirbiyine, A. Taoufik, Y. Ait Ahmed, F. Chibane, H. Chaib,
A. Nafidi, S. Snoussi
To cite this version:
H. El Ouaddi, A. Tirbiyine, A. Taoufik, Y. Ait Ahmed, F. Chibane, et al.. Vortex phase transition
and superconducting properties of organic quasi-two-dimensional k-(BEDT-TTF) 2 Cu[N(CN) 2 ]Br.
Materials and Devices, Collaborating Academics – International Press, 2018, 3 #1 pp.1603 (2018).
￿10.23647/ca.md20181603￿. ￿hal-01845379￿
A. EL OUADDI et al - Vortex phase transition and superconducting properties of organic quasi-two-dimensional… 
 
OAJ Materials and Devices, Vol 3, #1, 1603 (2018) – DOI: 10.23647/ca.md20181603 
 
Article type: A-Regular research paper 
 Vortex phase transition and superconducting 
properties of organic quasi-two-dimensional 
-(BEDT-TTF)2Cu[N(CN)2]Br 
 
 
H. EL OUADDI (1), A. TIRBIYINE (1), A. TAOUFIK (1), Y. AIT AHMED (1), 
F. CHIBANE (1), H. CHAIB (2), A. NAFIDI (2), S. SNOUSSI (3) 
(1) E.M.S, Research Laboratory, University of Ibn Zohr, BP: 8106, Agadir, Morocco 
(2) L.P.M.C.N.E.R, Research Laboratory, University of Ibn Zohr, BP: 8106, Agadir, Morocco 
(3) Laboratory of solid physics (CNRS, URA2), University of Paris-Sud, Building 510, 91405 
Orsay, France 
 
Corresponding author : hassanelouaddi@gmail.com   
 
RECEIVED: 12 january 2018  / RECEIVED IN FINAL FORM: 15 march 2018  / ACCEPTED: 16 march 2018 
 
Abstract : We report investigations of the low temperature dc susceptibility and the magnetization on the 
layered organic superconductor κ-(BEDT-TTF)2Cu[N(CN)2]Br near 80K and the effect of disorder on the 
superconducting transition temperature Tc. The shielding effect (S) and the critical current density Jc were studied 
(with H parallel to the c axis of the crystal). Jc can be estimated by analysis of magnetic hysteresis measurement 
using the Bean model. For each temperature value, we observed two regimes in the critical current density Jc(H). 
This result implies that there exists a first-order phase transition in the vortex system in this organic 
superconductor. Our results show that the magnetic properties of these compounds depend strongly on the 
cooling rate. The structural transformation which occurs at the vicinity of 80K very strongly influences the physics 
of vortex lattice and the associated magnetic behavior.  
Keywords : ORGANIC SUPERCONDUCTOR, CRITICAL CURRENT, SHIELDING EFFECT, MAGNETIC 
SUSCEPTIBILITY, VORTEX PINNING.  
Introduction 
The layered organic molecular crystals κ-(BEDT-TTF)2X 
based on a donor molecule bis(ethylenedithio)-
tetrathiafulvalene (abbreviated as BEDT-TTF) have been 
recognized as highly correlated electron systems [1]. They 
have a layered structure with alternating sheets of metallic 
(dimerized ET molecules) and insulating (anion, X) planes. 
Among them, compounds of the family κ-(BEDT-TTF)2X have 
recently attracted considerable attention because of their 
similarity to the high Tc cuprates  and the possibility that they 
may also have a non-conventional paring state [2]. Organic 
superconductors exhibit other typical features like a structural 
transformation occurring around 80K for κ-
(BEDTTTF)2Cu[N(CN)2]Br and introduces a certain degree of 
disorder in the conducting planes. That can influence 
considerably the physics of vortex lattices of these compounds 
and the associated magnetic behavior. Organic charge transfer 
salts are excellent model systems in which to study many of 
the questions about the strongly correlated phenomena 
described above. Band structure suggests that these materials 
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should be metals at all experimentally relevant pressures 
and temperatures.  
Further, organic chemistry allows the organic charge transfer 
salts to be subtly tuned in ways that have never been 
achieved in inorganic materials. The compound κ-
(ET)2Cu[N(CN)2]Br constitutes a beautiful example, for 
which, the Mott transition can be driven by replacing the 
eight hydrogen atoms in the ET molecule with deuterium 
[3]. 
A remarkable feature of the electronic state of κ-(BEDT-
TTF)2X compound is that, the native quarter filled band is 
modified to the effective half filled band by the strong dimer 
structure consisting of two BEDT-TTF molecules. In fact, the 
BEDT-TTF molecule has two ethylene groups at the end; the 
two-dimensional conduction planes consist of BEDT-TTF 
molecular dimers, which form an anisotropic triangular 
lattice. 
When the terminal ethylene groups in each ET molecule 
contain all possible eight hydrogen atoms (H8), the material 
shows bulk superconductivity. Upon replacing the hydrogen 
by deuterium (D8), Tc gets considerably reduced, the phase 
transition becomes broader, and no volume 
superconductivity is observable. 
 
Figure 1: (a) Crystal structure of κ-Br; (b) Eclipsed and 
staggered configurations of the ethylene groups (CH2)2 of 
BEDT-TTF molecule from a dimerized structure. Organic 
BEDT-TTF molecules stack in conducting planes 
separated by inorganic insulating layers, giving rise to a 
highly anisotropic quasi-two dimensional band structure; 
(c) View of the packing of the polymeric anion chains in 
κ-Br. Protons on the BEDT-TTF molecule are omitted for 
clarity. 
The layered structure of κ-(BEDT-TTF)2X family of organic 
molecular metals is shown in figure 1(a). BEDT-TTF 
molecules dimerize, forming molecular units that stack on a 
triangular lattice in two-dimensional planes. The removal of 
one electron from each BEDT-TTF dimer causes the tight-
binding band to be half filled, and to balance the charge, 
layers of anion X are located between the partially oxidized 
BEDT-TTF sheets. 
The flat BEDT-TTF molecules (Figure 1(b)) dimerize to form 
molecular units that stack in planes on a triangular lattice [4]. 
The anions, X, separate the planes and accept one electron 
from each BEDT-TTF dimer. 
Influence of the superconducting transition temperature Tc of 
κ-(BEDT-TTF)2Cu[N(CN)2]Br  was found in one of the first 
investigations after synthesis of the compound [5]. Recently 
this effect has been the subject of numerous studies in the salt 
with both usual H8-BEDT-TTF and deuterium substituted D8-
BEDT-TTF molecules (which we will subsequently abbreviate as 
κ-H8-Br and κ-D8-Br salts, respectively) [6-11]. There is 
growing evidence that a proper cycling is important for 
electronic properties [6. 7. 9-11]. The effect is related to the 
phase transition at 80K, due to the order-disorder 
transformation of the terminal ethylene groups of the BEDT-
TTF molecules [12-13]. 
In this paper, we report on an extensive experimental study of 
the effect of the cooling rate on the interlayer transports 
properties at Tc and on the magnetic susceptibility and 
magnetization. By freezing the sample into different disordered 
states, we found that there is a strong evidence for a 
structural transformation at around 80K. The results of the 
critical current and the shielding effect for the κ-(BEDT-
TTF)2Cu[N(CN)2]Br sample are also present as function of 
magnetic field at different temperatures with magnetic fields 
applied perpendicular to the conducting planes. 
 
EXPERIMENTAL SECTION 
 
Single crystals of the κ-(BEDT-TTF)2Cu[N(CN)2]Br 
superconductor were synthesized at the Jean Rouxel Institute 
of Materials. Both hydrogenated and deuterated compounds 
were used in this study. The two samples have average 
dimensions: 0.7×0.7×0.2mm3 and 1×1×0.25mm3, 
respectively. Our samples had good magnetic quality and were 
stable; the results remained unchanged despite repeating the 
experiment several times. The block-like crystals weighing 
m=0.59mg for κ-H8-Br and m=2.07mg for κ-D8-Br. Before 
starting each measurement, the sample was first warmed to a 
given temperature well above Tc. Once the residual field is 
eliminated, the sample was zero field cooled (ZFC) or field 
cooled (FC) to a desired temperature. Magnetic measurements 
were done with a commercial conducting quantum interference 
device (SQUID), which produces a magnetic field up to 5T. 
Magnetic field was applied perpendicular to the sample plane. 
The superconducting magnet was reset such that the 
remaining field was less than 1μT. 
We have investigated the magnetic susceptibility of the 
superconducting phase as a function of the cooling rate in the 
ZFC conditions. In the slow cooling rate, the sample was 
cooled from 160–90K at a cooling rate of about 2K/min and 
then from 90–70K, at a cooling rate of 0.1K/min. Furthermore, 
the sample is then kept at the temperature of 70K during 20h 
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and then cooled directly to 2K at a cooling rate of 5K/min. 
In the rapid cooling condition, the sample was submerged 
directly in the Dewar at a temperature of the order of 2K. 
 
RESULTS AND DISCUSSION 
  
The superconducting transition temperature was measured 
by use of a dc susceptibility, and the magnetic field was 
applied perpendicularly to the conducting layers.   
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Figure 2: Magnetic susceptibility as a function of 
temperature, at for different magnetic field values for 
hydrogenated κ-H8-Br in slow cooling. The inset shows 
the susceptibility versus temperature at field 5Oe. 
 
We present in figure 2 the susceptibility variations versus 
temperature for hydrogenated κ-H8-Br sample in slow 
cooling conditions, at different fields (H=1Oe, H=1.5Oe, 
H=3Oe and H=20Oe) and for H=5Oe in the onset. Values of 
the superconducting transition temperature have been taken 
here from the diamagnetic transition curve at the crossing 
point of the interpolation lines from the normal and 
superconducting regions. We can plot thus defined Tc (i.e., 
suppression of superconductivity) as a function of field with 
overlaid for the slow-cooled, as shown in figure 3. Clearly, 
the critical Tc decreases with increasing field monotonically. 
On the other hand, a strong increase of Tc, as large as 1K 
was reported, in the case of deuterated (κ-D8-Br) sample 
[14]. 
Temperature 80K corresponds to a structural phase 
transition temperature in the anion chain. Cooling through 
80K at different rates will freeze the high-temperature phase 
to low temperatures and the presence of local moment 
suppresses the superconducting transition temperature. 
Scanning microregion infrared reflectance spectroscopy 
measurements have shown evidence for macroscopic 
insulating/metallic region phase separation at the surface of 
fast cooled samples [15]. 
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Figure 3: Superconducting critical temperature versus 
magnetic field for hydrogenated κ-H8-Br. 
 
Let us now look at the amplitude of the real part of dc 
susceptibility (Figure 4) which is nothing but the shielding 
effect (S) [16]. Furthermore, on the basis of data shown in 
figure 2, we obtained the shielding effect dependence of the 
magnetic field. The shielding effect represents the exclusion of 
magnetic flux by the sample in alternative dynamic mode. S 
was set arbitrarily equal to 1 for Hdc=1Oe. It can be seen from 
the curves that the shielding effect depends strongly on both 
temperature and applied magnetic field. Further, the decrease 
in S as a function of the temperature was much slower in the 
case of the low field. It clearly shows an improvement of the 
quality of the grains and intergranular coupling in the sample. 
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Figure 4: Shielding effect (S) in arbitrary units as a function 
of the magnetic field, for three different temperatures. 
 
Magnetization hysteresis cycles measurements have played an 
important role in understanding the critical characteristics of 
superconductor. In particular, it makes possible a contactless 
determination of the critical current density using the critical 
state model [17]. It is well known that the critical current 
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density Jc depends on the flux pinning properties of a 
superconductor. 
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Figure 5: Magnetization hysteresis cycle at T=3K in slow 
and rapid cooling of deuterated κ-(BEDT-
TTF)2Cu[N(CN)2]Br sample. 
 
Figure 5 shown the magnetic hysteresis loops of (κ-D8-Br) 
compound at T=2K after slow and rapid cooling rate, in the 
magnetic field range of (−1KG; 1KG). In the case of the 
slow cooling rate, a wide cycle is observed. The hysteresis 
results from flux pinning, and when the pinning is absent, 
the magnetic behavior of the superconductor is fully 
reversible. The presence of several pining centers provides 
high currents. When the magnetic field increases, the 
magnetic flux continues to penetrate the sample and the 
diamagnetism is not perfect. 
It is important to note the absence of the secondary peak in 
the whole temperature range. Furthermore, the secondary 
peak has been observed both in iron-pnictides [18-19] and 
in cuprate high Tc superconductors [20]. 
The hysteresis cycles depend strongly on the cooling rate Vc 
of the samples through the order–disorder transformation 
which affects the ethylene groups C2H4 and which occurs at 
the vicinity of 80K [9]. The value of 80K was speculated to 
correspond to a structural transition temperature in the 
anion chain. 
Taniguchi et al [21] reported the cooling-rate dependence of 
the magnetization curves, where the hysteretic 
magnetization width becomes narrow by cooling fast. One 
may consider that cooling fast introduces a much larger 
number of the ethylene-disorders, and leads to much 
stronger vortex pinning on the basis of a concept of the 
simple pinning effect by disorder. 
The critical current density was determined using the Bean 
critical state model, from the irreversible parts of the 
magnetization curves with the formula [17]: 
d
=J c
M
30

 (1) 
Where d is the size of the simple and ΔM is the difference 
between the magnetizations measured while decreasing and 
increasing field in the perpendicular field orientation. In figure 
6, we present the critical current density Jc(H) variations. As 
can be seen in this figure Jc depend strongly on both 
temperature and magnetic field.  
It is important to note that in the case of κ-D8-Br sample, the 
Jc(H) dependence can be divided into two regimes, e.g. Jc(H) 
exhibits a slight decrease below some an applied magnetic 
field H*. The latter being the field where the slope of Jc(H) 
curve change. A gradual transition to a power low behavior, 
that is 
 HHJc )( is found above this field. Thus, this 
regime, named the power law region, is usually attributed to 
strong pinning centers. Furthermore, the second regime shows 
a sharp drop in the Jc occurring because of a fast creeping of 
vortices. 
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Figure 6: Critical current density versus magnetic field, for 
two different temperatures (T=4K and T=6K) and for 
deuterated κ-(BEDT-TTF)2Cu[N(CN)2]Br sample in slow 
cooling. 
 
The strong decrease of the current density Jc(H), when H>H* 
can be explained by a collective pinning behavior of vortices. 
The vortices number becomes greater when the applied 
magnetic field increases. 
 
CONCLUSIONS 
As conclusion, we reported the magnetic susceptibility and the 
magnetization measurements to investigate the disorder effect 
and the first-order phase transition in the vortex system in 
organic superconductor κ-(BEDT-TTF)2Cu[N(CN)2]Br. Our 
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results show that both shielding effect and the critical 
current depend strongly on the temperature and magnetic 
field. The cooling rate has a considerable effect on the 
superconducting properties; the effect is much less in the 
case of hydrogenated salts. In particular, the cooling rate 
near 80K controls the amount of disorder at low 
temperature. Superconducting transition temperature Tc is 
determined using the dc magnetic susceptibility. 
Finally, it is clear from all the above discussions and results 
that organic superconductors offer a unique opportunity to 
study (and perhaps to distinguish between) the contribution 
of various physical defects and thermal fluctuations to the 
broadening of the superconducting transition around Tc. 
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